VII.—Inquiries about Terrestrial Temperature; to which is added an Index to M. Dove's Five Memoirs on the Temperature of the Globe by Forbes, James D.
VII. —Inquiries about Terrestrial Temperature] to which is added an Index to M.
Dove's Fire Memoirs on the Temperature of the Globe. By JAMES D. FORBES,
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1. To find the numerical law according to which the temperature of a place
varies with its latitude, is an empirical problem which has, since the middle of
the last century, from time to time engaged attention.
2. LAMBERT, MAYER, and KIRWAN in the last century, DE HUMBOLDT, BREWSTER,
KAMTZ, and DOVE in the present, may be cited amongst those who have investi-
gated formulae which express, with more or less accuracy, the mean temperature
of a place in terms of its latitude.
3. The formulae proposed are mostly reducible to two types—a variation de-
pending upon the cosine of the latitude simply (that of Sir D. BREWSTER), and
one depending on the square of the same quantity (that of MAYER).
4. There is no doubt a measure of truth in both these assumptions. If we
select maritime stations in the northern hemisphere (and these, on the whole,
furnish the most numerous class of observations), the simple cosine affords a re-
markable approximation to the law of terrestrial temperature. If we take exclu-
sively observations in the interior of continents, then the temperature decreases
more nearly with the square of the cosine; and if we include both classes of
stations indifferently, the approximation afforded by the latter law seems still to
be the best.
5. To DE HUMBOLDT, KAMTZ, and DOVE, we are indebted for the most important
accumulations of materials derived from observation for the elucidation of this
subject. DE HUMBOLDT, however, had the singular merit of giving an empirical
generalization of the facts by means of his isothermal lines, which indicate, in a
manner equally natural and instructive, the distributionof temperature over the
globe, after correction for the elevation above the sea of the places of obser-
vation.
6. The same philosopher pointed out with great skill and acuteness the physical
influences which prevent the isothermal lines from being everywhere parallel to
the equator, such as the irregular distribution of land and water, and the influence
of permanent or periodical currents in the ocean and the air.
7. Thus, in his hands, this part of the science of meteorology passed oat of the
domain of barren mathematical generalization into that of rational physics.
8. Sir DAVID BREWSTER endeavoured later to show that there are two poles or
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centres of extreme cold in the northern hemisphere, connected with the predomi-
nant masses of land in Siberia and Arctic America; and he ingeniously suggested
that the isothermal lines might form a connected set of double curves, analogous
to lemniscates, round these centres as poles. With this assumption, he was lefcl to
propose a formula for the mean temperature of any place depending on the pro-
duct of the sines of its angular distances from the two cold poles. M. DOVE con-
tests the existence of two centres of minimum temperature in the annual means;
yet his researches make it exceedingly probable that they do exist in winter, as
at most seasons there are also two centres of greatest heat in the tropical regions,
depending partly on the local accumulation of land, partly on the peculiarity of
the marine currents.
9. But the most instructive mode of indicating the climatic irregularities of the
globe, subsequently to the isothermal lines of DE HUMBOLDT, is DOVE'S represen-
tation of what he calls the "Thermic Anomaly," by means of "Isabnormal
Curves."^ The principle of these curves is the following:—The average tempera-
ture of every tenth parallel of latitude is taken by tabulating its temperature at
36 equidistant points—that is, on every tenth meridian. These numbers are best
obtained from the isothermal curves on the plan of DE HUMBOLDT. The tempera-
ture of any place on the given parallel is then compared with the mean of the
parallel, and lines are drawn through all those places whose temperature is 1°,
2°, 3°, or more degrees above the mean of the parallel; and other curves are drawn
through points which are 1°, 2°, &c, below the mean of their respective parallels.
These deviations + or - from the mean of the parallel are called the "Thermic
Anomaly/' representii)g, in fact, all the heating or cooling causes in action at a
given place, independently of its distance from the equator. The curves so drawn
are called the " Isabnormal Curves of Temperature." The whole globe is thus di-
vided into two vast, but not necessarily continuous regions; the one havino- a
temperature higher than the mean due to the latitude, and the other having a
temperature below the mean. Centres of relative maximum cold, coinciding
nearly with the Cold Poles of Sir DAVID BREWSTER, are found in the regions
of Hudson's Bay and of Eastern Siberia.
10. The isabnormal curves may also be formed for different seasons, when they
become very instructive. In winter, the relatively cold centres of the northern
hemisphere are within the continents, and the relatively warm centres are in the
North Pacific and North Atlantic respectively ; in summer these positions are re-
versed, beautifully pointing out the effect of the ocean in equalizing the tempera-
ture of the globe.
11. To ascertain the "Thermic Anomaly," M. DOVE, of course, required to fix
as exactly as possible the mean temperature of every tenth parallel of latitude,
* The Distribution of Heat over the surface of the Globe, &c. Plates IV. and V 4to
1853 Lon-
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which he did by the method which I have indicated above.* Preliminary to this, he
had amassed and discussed an unprecedented amount of observations, as well for
the mean annual temperature as for that of each month in the year.f The results
form by far the most valuable body of information which we possess on this sub-
ject. It is still, however, very much to be desired that M. DOVE would add yet
another to his various contributions to climatology; and that is a MERCATOR'S
chart on a large scale, and well engraved (similar to that of DUPEIUU-:Y for the di-
rection of the magnetic needle), indicating all the places for which he has obtained
the mean annual temperature, with that temperature (as reduced by him to the
sea-level) engraved in figures on the chart, and the isothermal curves drawn
amongst these figures, as M. ERMAN has so well done with reference to the mag-
netic declination. At present we are deficient, not only of a precise and easily
tested indication of the evidence on which the isothermal curves at any given
part of the globe (and especially at sea) are determined, but owing to the small
scale and rather rude execution of existing maps, and their occasional disagree-
ment with one another, there is often a difficulty in making them as useful as they
might otherwise be. M. DOVE must be in possession of all the materials of such
a chart; and it is to be hoped that he will add to the benefits which he has already
conferred on the science of meteorology by its speedy publication.
12. The " Thermic Anomaly," of which I have spoken above, which is nothing
else than the expression of the effects of climatic influences not immediately de-
pending on the latitude, is primarily due to the irregular distribution of land and
water. Were the earth's surface homogeneously constituted, were it all land or
all water, the symmetry of the different meridians would be perfect,—there could
be no assignable cause for a variation in the gradation of climate from the equa-
tor to the pole depending on the longitude. The isothermal lines would coincide
with the parallels of latitude, and the inflections of the isothermal lines, which,
in the language of M. DE HUMBOLDT, are precisely what the thermic anomaly is
in the language of M. DOVE, would cease to exist.
13. The irregular intermixture of oceans and continents acts j rimarily by the
inequality of the absorption and detention of the solar rays by land and water, and
by the laws of conduction and of convection which regulate the internal motion of
heat in the one and in the other. But, secondarily, the consequences of this irregu-
larity are not less important in producing currents of the air and ocean. Heat
* The Distribution of the Heat of the Globe, &c, p. 13, &c. London, 1853. [The same work
was published in German at Berlin. In point of fact, the annual mean temperatures of the parallels
are derived by M. DOVE from the average of the twelve months separately considered, and projected
in monthly isothermal lines. It would probably be preferable to deduce them from the annual curves
alone, which rest on a surer basis.]
f See his "Five Memoirs" in the Berlin Transactions, " Ueberdie nichtperiodischen Aenderun-
gen der Temperatur vertheilung aufder Oberflache der Erde," and his " Temperature Tables," in Re-
port Brit. Assoc, 1847.
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or cold travel to or from the interior of continents, or parallel to their shores, in a
manner which physical theories may indicate in a general way, but cannot possi-
bly evaluate with accuracy. Further, the periodical conversion of vast surfaces
of salt and fresh water into the state of ice must alter, for a portion of the year, the
laws of temperature.
14. The secondary anomalies just referred to are in their nature in a great
degree compensatory. If a current of hot water moderates the cold of a Lapland
winter, the counter current, which brings the cold of Greenland to the shores of the
United States, in a great measure restores the balance of temperature, so far as it
is disturbed by this particular influence. The prevalent winds, in like manner,
including the trade-winds, though they render some portions of continents on the
average hotter or colder than others, produce just the contrary effect elsewhere.
Each continent, if it has a cold eastern shore, has likewise a warm western one,
and even local winds have for the most part established laws of compensation. In
a given parallel of latitude all these secondary causes of local climate may be
imagined to be mutually compensatory, and the outstanding gradation of mean or
normal temperature will mainly depend—1st, Upon the effect of latitude simply;
2cl, On the distribution of land and water considered in their primary or stati-
cal effect, which in a first approximation we may conceive to be proportional to
their relative areas.
15. Assuming, then, the data with which the tables and charts of M. DOVE fur-
nish us, I propose first, to inquire what portion of the average temperature of the
globe in each parallel is due to the land, and what to the water, which respectively
belong to it. Next, I propose to obtain a formula, empirical, indeed, yet involving
the elements of physical geography as data, for expressing the mean temperature of
a given parallel, and thence arrive at an approximate answer to the inquiry as to
what would have been the equatoreal or polar temperature of the globe, or that of
any latitude, had its surface been entirely composed of land or of water,—a result
not without interest in cosmical speculations, even if subject to some margin of
uncertainty.
16. Every one acquainted with physico-mathematical investigations, especially
those of more recent times, is aware that the flexibility of an algebraic formula in-
cluding several constants is such, that its coincidence with a series of graduated
observations must be very cautiously admitted as any proof whatever of the relation
of the numbers being otherwise than empirical. My object here being to obtain
a formula necessarily involving several constants, but with a certain physical
significance, the importance of testing the parts of the formula by independent
analogies cannot be overrated. In order, therefore, to show that the result of my
labours has been something more than the mere empirical coincidence to which
I have referred, it will be necessary to trace the course of the approximation and
verification which I adopted.
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17. § I. The gradation of mean temperature from the Equator to the Pole empiri-
cally represented.
I have referred to the attempts which have been made during the last hundred
years to find an empirical formula showing the gradation of temperature, from the
Equator to the Pole, in the northern hemisphere. Setting wholly aside, and en-
deavouring as far as possible to forget for the moment any formulae of the kind, I
started a fresh with the numbers given by M. DOVE in his work already cited (par. 9),
and, by a process considerably indirect, I obtained a formula which represents
these numbers with greater exactness than perhaps any other yet employed.
The form of the expression is indeed coincident with that probably first used by
M. KAMTZ, expressing and suggested by the physical fact, that the temperature of
the globe (on an average of all meridians) reaches its maximum, not at the Equa-
tor, but somewhat farther north ; according to this formula, in lat. G° 30' N.
18. The formula (purely empirical) is this :—
T = 80o-8cos2(x-6°30'),
where T is the mean annual temperature on Fahrenheit's scale, of the parallel
whose latitude is \ . «
19. The following table contains a comparison of this formula with numbers
derived from M. DOVE'S charts and tables :—
TABLE I.
North Lat.
0°
10
20
30
40
50
Temp, by
Dove's Charts
and Titbit-a.
79°-7
79-9
77-5
69 -8
56-5
42-5
• Temp,
by Formula.
79°-8
80-5
76 «4
67-9
56-2
42-5
Difference of
Formula.
+ 0°-l
+ 0-6
- 1 -1
- 1 -9
- 0 - 3
0-0
North Lut.
60°
65
70
75
80
90
Temp. by-
Dove's Charts
and Tables.
29°-8
22-6
16 -4
10-7
6 -8
2-3
Temp,
by Formula.
28°-6
22-1
16 -1
10-8
6-5
1-0
Difference of
Formula.
- l ° - 2
- 0 -5
- 0 -3
+ o - i
- 0 -3
- 1 -3
20. On this table I have to remark, that the numbers in the second column for
the latitudes 50°, G0°, and 70°, differ by +0°-8, -0°'4, and +0°*4, from those given
by M. DOVE at page 14 of his Distribution of Heat, &c. The numbers adopted
have been deduced from a most careful investigation from M. DOVE'S more recent
Polar Chart of Isothermal Lines, in his Klimatoloyische Beitrage, published in
1857.* These numbers sensibly diminish a very manifest anomaly in the pro-
* It is by no means an easy matter to deduce the mean temperature of a given parallel cor-
rectly from an isothermal chart. What precise method M. DOVE adopted I am not aware. After
various attempts, I found the following procedure to be the only satisfactory one. Taking eighteen
equidistant meridians (20° apart), I projected the temperatures indicated by the isothermal lines
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gression of temperature under the 50th and 60th parallels. The numbers for 80°
and 90°, and in a great measure also that for 75°, rest upon a method of graphical
interpolation, explained by M. DOVE at p. 13 of his Distribution of Heat, &c, which
I have verified; but it must of course be received with considerable allowance.
The formula is least accurate about latitude 30°, evidently depending on certain
physical peculiarities which cannot be embraced in so simple an expression.*
21. The numbers in the second column of Table I. are projected in Plate II.
§ II. The Distribution of Land and Water according to Latitude on the Globe.
22. It has been stated in the introduction to this paper that the unequal distri-
bution of land and water on the surface of the globe is the leading cause of the
irregular distribution of temperature, considered independently of the latitude; in
other words, of the Thermic Anomaly. If we are to trace the connection between
the temperature of a given parallel and the amount of land on that parallel, it
will be convenient to form a table of this amount for every 10° of latitude, both
north and south, compared to the entire circumference of the parallel. This is
as perpendiculars erected on a straight line at intervals corresponding to the latitudes at which thev
intersect the given meridian. An interpolating curve being drawn easily among the extremities of
these perpendiculars, the abscissae corresponding to every 5° of latitude are ascertained and tabulated.
The mean of these numbers, taken round the whole circumference, gives the required number for each
parallel. I think it worth while to preserve the numbers I have obtained, which are given in the
following table, as they may be of service in future inquiries. I may here add, that the character
of the climatic gradation in different latitudes is highly instructive. The curves of temperature cor-
responding to oceanic meridians, such as that of Greenwich, are everywhere decidedly concave to the
axis (representing a variation depending nearly on the simple cosine), while those of the continents,
such as longitude 120° E., tend to become convex towards the axis in the higher latitudes (inclin-
ing to the law of the (cosine)2), or else they form almost a straight line sloping towards the pole.
This is in conformity with what has already been said in par. 4. See also par. 28 below.
North.
50°
00
05
70
75
TABLE of TEMPERATUKES
0°
53°
45 -5
40
33 -5
20
20°
47°
40
36 -5
33
28
40°
44°
30 -5
33
20 -5
24
41°-6
31 -5
26
22
18-5
so0
39°
27 -5
23
20
16 -5
(FAHRENHEIT)
100°
30°
25
10 -5
15
10
deduced
LONGITUDE EAST OF G
120°
33°-6
20
13
0 -5
1
140°
37°
22-5
13 -5
6 -5
0 -5
1GO°
41°
28
20
12
5
180°
42°-5
25 -5
18
12-5
6-5
from
KKEN'tt'I
200°
47°
27
10
11-5
5-5
M. DOVE
en.
L"JO°
51°
30
20
10
3-5
240°
•1S°
20 -5
17
5
- 5
s POLAR <
2<iO°
38°
21
11
2 -5
- 1
280°
33°
17
11
8
5
CHART of
300°
34°-5
24-5
22
16-5
10-5
44°
34 -5
20 -5
24
18
1857
340°
54°-5
42 -5
34-5
27-5
21
Mean.
42°-5
20 -8
22 0
16-4
10- 75
* The great simplicity of the formula (par. 18) turns upon the accidental circumstance of the
zero of FAHRENHEIT'S scale so nearly coinciding with the temperature of the pole, as Sir D. BREWSTER
long ago remarked. The formula would represent the numbers of M. DOVE slightly better if a small
constant term were introduced ; thus, T = 1° + 80° cos2 (X-6° 30'), and in using any other thermo-
inetric scale this might be pr.jl'crrud. This formula becomes
T = -17°-2 + 44°-4 cos2 (X-6° 30') on the Centigrade scale
T = - 1 3 ° 8 + 35°-5 cos2 (X-6° 30') on REAUMUR'S scale.
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* :.
P of the
done in the following table, commencing from the north pole. The proportions
were taken by accurate measurement from a three-feet GARY'S globe, with the ex-
ception of the Arctic regions, which were measured on an Admiralty polar chart.
TABLE II.
Parallel.
90° North
80 „
75 „
70 ,
60 ,
50 ,
40 ,
30 ,
20 ,
10 ,
0 ,
- 1 0 SOT
- 2 0
- 3 0
- 4 0 ,
- 5 0 ,
>
>
j
ltli
Proportion of Land.
Unknown.
Unknown.
•286
•483
•568
•563
•445
•434
•308
•234
•216
•204
•225
•200
•040
•021
Proportion of Witter.
Unknown.
Unknown.
•714
•517
•432
•437
•555
•566
•692
•766
•784
•796
•775
•800
•960
•979
23. The numbers for the land are projected in Plate III., fig. 1, and the curve
rudely drawn through them gives an approximation to a physical law of the dis-
tribution of sea and land from latitude + 75° to latitude —50°, a little beyond which
occurs the only portion of the known globe where the entire circle of latitude
passes through water, since farther south the antarctic land commences. On the
other hand, the maximum proportion of land (about six-tenths of the circum-
ference) occurs in the northern hemisphere, almost exactly upon the Arctic circle.
§ III. Hypothesis respecting the Law which Regulates the Temperature in
Different Latitudes.
24. From what has been said (par. 14) it will be understood that I regard the
temperature of a given parallel as a function (1) of the latitude, (2) of the pro-
portion of land and water in or about that parallel. Our object, therefore, is to
find the form of the function. And if our proceedings shall appear to be in the
first instance somewhat arbitrary, the reader is requested to suspend his
judgment until he sees the independent confirmations which will be afterwards
adduced.
25. The following may be regarded as the more fundamental premises or
postulates:—
26. First, The law must be that of decreasing temperature throughout, from the
equator towards the pole; and the arbitrary formula of par. 18, and the curve
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(Plate I.) show that the decrease is least rapid near the equator, becomes more
rapid afterwards, and again diminishes somewhat less rapidly (or, at least, its rate
does not increase) in the highest latitudes.
27. Secondly, The temperature of a given parallel may be considered as com-
pounded of two distinct temperatures; that which would belong to a sphere all
of water placed under the same external heating influences as our globe; and that
which would belong to a sphere of land in the same circumstances. Or it will be
more convenient to consider the sphere of water as the normal condition of the
globe, and the influence of the land as a disturbing effect superimposed upon the
fundamental condition of an aqueous globe.
28. Thirdly, As regards the law of temperature on a sphere of water, which by
the second assumption (27) is to be taken as the basis of our calculation, it
has been shown in the introductory part of this paper (4), that on those me-
ridians which pass through one of the great oceans—the Atlantic, for example—
the decrement of temperature from the equator to the pole follows pretty nearly the
formula of SIR D. BREWSTER or the simple cosine of the latitude; but when the
continents are included, it is more accurately expressed by the formula of MAYER
or the (cosine)2. These empirical relations are graphically expressed in Plate III.,
fig. 2, where the relation is shown between the curve of the simple cosine and
that of (cos)2 lat. The lower the power of the cosine used (including proper frac-
tional powers), the more convex is the curve to the axis, or the farther does the
tropical temperature advance towards the higher latitudes: the higher powers of
the cosine exhibit a more and more rapid decline towards the middle latitudes,
while there is a point of contrary flexure, indicating the less rapid rate of diminu-
tion as we approach the pole.* The character of these two mathematical laws is
well illustrated by the curve of temperature along the meridians of 0 (or that of
Greenwich) and 120° E., in the curves of Plate III., fig. 3, the former representing
a maritime the other a continental meridian.f The former of these (or the Atlantic
climate) has the character of the curve which depends on the simple cosine of the
latitude, the latter (the Asiatic meridian) of some higher power of the cosine. It
is therefore likely that on an aqueous sphere the temperature will be a maximum
sensibly at the equator, and will decline on either side according to a regular law
depending on some power of the cosine of the latitude, and it is moreover pro-
bable that this power will not differ greatly from unity. Let us, however, consider
* It is to be well observed, however, that in these mathematical curves the commencement and
ends of the two curves are made to coincide. They are merely drawn for the purpose of showing the
gradation, according to one law or the other, from a given temperature to another given tem-
perature. A curve intermediate between the two showing the variation of the fractional power
(cos)*\ the upper portion of which is nearly straight, is added for a purpose which will be immedi-
ately explained (33).
f The curves are drawn so as to show the general curvature, without following the minor and
sometimes doubtful inflections. In particular, the tropical part of the water meridian may be con-
sidered to belong to a longitude a little west of Greenwich, so as to avoid the influence of the African
continent.
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state the power as being in the meantime unknown. The expression for the temperature
of the aqueous globe in a latitude A may be thus expressed :—
where A, B and m are constants to be found. Of course the equatoreal tempera-
ture of the water globe will be A + B, and the polar temperature will be A.
29. Fourthly, We will next, as an approximation merely, consider the effect of
land in modifying the temperature of a given parallel to be proportional directly
to the proportion of land on or near that parallel.*
30. Fifthly, The general influence of land on climate is tolerably well known,
and may be verified by the study of different climates. In every parallel of latitude
the effect of masses of land or continents is to exaggerate the variation of tem-
perature due to the seasons. The temperature of the ocean is more nearly uniform
than that of continents. But besides this, as a general rule, the presence of
continents affects the mean annual temperature, exaggerating the character of the
climate, whether it be above or below the mean of the globe or hemisphere. It
follows from this, that below a certain latitude the term in the expression for the
mean temperature depending on the amount of land is additive; beyond that
latitude it becomes subtractive; and in one particular parallel it is = 0, or the
mean temperature is independent of the distribution of land and water. Thus
the accumulation of land in intertropical Africa produces a temperature in excess
of the mean of the parallel, while in Siberia the effect of the great concentration
of land is precisely the reverse; the temperature there is below the mean of the
* If it were practicable to go into such details, it is probable that the influence of continents
might be more accurately expressed by a different law from one depending on their simple breadth.
A narrow land with ocean on both sides will have a slighter peculiarity of climate than if it were
attached to a wide continent, and
partook of a thoroughly continental —
character. In like manner, if ninety-
nine hundredths of the circumference
of the globe in any parallel were land,
the small residue of ocean would
affect the continental character of the
climate even less than in proportion
to its small extent. Let the circum-
ference of the globe in any parallel
be denoted by the line AB ( = 1) ;
the fraction representing the land on the parallel by the abscissa AM ( = L) ; let. also, BC express
the extreme value of the term which expresses the effect of land on the temperature of the parallel;
then, for any value of L less than unity, the magnitude of the temperature-correction due to land
would not be MN but Mn, which increases slowly when L is very small or very great, and most
rapidly when L = i . Such a co-efficient might be adequately represented by such a function of L as
1 —cos <K L \
But such a mode of calculation would be perhaps a needless refinement, as we should have to take
into account not only the sum of the land in the parallel, but also its continuity, or the contrary.
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parallel. In an intermediate latitude, which seems to be about that of the Medi-
terranean Sea, these opposite influences are neutralized. These effects may be
traced both on the common map of isothermal lines, and in M. DOVE'S maps of
the '" Thermic Anomaly." In the former, the curvature of the isothermal lines is,
in tropical countries, usually concave towards the equator over the continents,—
that of Africa, for example,—but it is convex towards the equator, or the iso-
thermals bend to the south in passing over the continental portions of higher
latitudes, as in Siberia. In the maps of the " Thermic Anomaly," the effect of
land is still more apparent, being denoted by ovals of relative heat in the con-
tinents of the warmer latitudes, while ovals of relative cold occupy the vast
northerly areas of Asia and America.
31. Sixthly, From an inspection of the above-mentioned charts, it is pretty
evident that about the 40th or 45th degree of north latitude is, on an average, that
where the distribution of land and water is a matter of indifference as regards
temperature. We have seen in the last paragraph that the climatic influence of
land increases in both directions from the neutral parallel, as the climate assumes
more of the tropical or arctic character. As a first approximation, we will
assume that the term depending on the land is effected by the co-efficient cos~:i 7^
which makes it zero at 45° of latitude, and gives it a positive value below that
latitude and a negative value above. Of course, any odd power of cos 2 A
would answer to the same conditions. Hence the Land term of the formula will,
in terms of this and two preceding paragraphs, be thus expressed:—
C. L. cos 2x
where C is a constant expressing the excess of equatoreal temperature on a sphere
all land above that of one all water; and L is the fraction of land compared to
the circumference of the parallel. It will also be more in accordance with physical
principles if we take for L its average value over a certain space north and south
of the parallel under consideration.
32. Collecting the terms of the formula, we have
X cos
w
x+C.L. cos 2*.
which contains four unknown quantities, A, B; C and m. My next procedure was to
obtain these constants by elimination between four equations furnished by DOVE'S
temperature of the parallels (19). These being projected in a diagram, and
an interpolating curve drawn amongst them, the ordinates of that curve* were
taken for the latitudes 0°, 30°, 50°, 70° north, as expressing best the course of
climate observed in one hemisphere. The equations were (on Fahrenheit's scale)
* It may he satisfactory to add, that the results obtained by using jtf. DOVE'S numbers without
any modification lead to an almost identical result when the same latitudes are employed.
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80° = A + B + 2 1 7 C
69°5 = A + B cosm 30°+395 C cos 60°
42-7 = A + B cos"1 50° + -53 C cos 100°
15°-7 = A + B cosm 70°+-395 C cos 140°
where it is to be remarked that the numerical co-efflcient of the last term is not
the fraction expressing the land on the precise parallel, but the mean of three values
of the land (graduated by an interpolating curve) extending over a space _+JLO on
either side of the given parallel. This seems to give a truer expression of the
climate of the parallel.* I call this factor I/.
33. These equations being solved (in being found by approximation) we have
very nearly—
TA = 12°-5 + 59°-2 cos * \ + 38° 1 L' cos 2 x
From this we readily deduce what the equatoreal and polar temperatures would
be, 1st, of a globe covered entirely with water ; 2d, of a globe entirely of land—
Equatoreal Temperature 'x = 0°) .
At Latitude 45°
Polar Temperature (X = 90°) .
All Water.
71°'7 Fahr.
51°-0 „
1^5 „
All Land.
109°-8 Fahr.
51°-0 „
-25°-6 „
§ IV. Confirmation of the Hypothesis and Formula.
34. The preceding calculations are founded upon the configuration and climate
of the NORTHERN HEMISPHERE alone. I think it important to add, that they were
actually made without any anticipation of how they might apply to cases not con-
templated in the construction of the formula. The following table shows the
* Thus treated, the numbers of Table II., par. 22, give the following results :—
Li.tit.iulo.
75° N.
70 „
65 „
60 „
30 „
40 „
30 „
-'0 „
10 „
o „
-10 S.
-20 ,,
-30 „
-40 „
L
Proportion of Lund
by Equalizing Curve.
•29
•48
•r*3
'55
•47
•40
:,V2
•24
•21
'22
•22
•18
.07
1/
]\Ic;in of 3 values
from x-10° to A.+ 10°
•30?
•:v.)5
•46
'.~)2
' • ) )
•473
•395
•318
•252
•L'17
-J]
"20 o
•16
•0S.5
L'- cos 2x
- •2C0
-•303
-"295
-•2(30
-•092
+-0S2
+ •197
+•2^4
+ •237
+ •217
+•197
+-ir>7
+•080
+ 015
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results of a comparison of the approximate formula (33) with M. DOVE'S tables
for other northern latitudes than those used in constructing it ; and also for the
southern hemisphere, so far as trustworthy observations extend. Latitudes be-
yond 75° north cannot be made use of in consequence of our ignorance of the
distribution of land and water in those regions.
TABLE III.
Latitude.
75° North
70 „
65 „
60 „
50 „
40 „
30 „
20 „
10 „
0 „
10 South
20 „
30 „
40 „
Temp. Observation.
10°-7
16 4
22-6
29 -8
42 -5
56 -5
69 -8
7 7 - 5
79 -9
79 -7
78-0
74-1
66-9
54 -6
Theory.
13°-5
16 -5
20 -8
27 *5
43-0
58 -0
69 -4
76 -6
79 -6
80 -0
78 -1
73 -3
64 -9
55 -5
Difference.
+ 2°-8
+ 0-1
- 1 -8
- 2 -3
+ 0 -5
+ 1 -5
- 0 - 4
- 0 - 9
- 0 - 3
+ 0-3
+ 0-1
- 0 - 8
- 2 -0
+ 0-9
Values from Formula.
All Land.
-9°-6
- 1 6
...
18 -4
39 -9
61 4
80 -9
96 .5
106 -3
109 -8
106 -3
96 -5
80 -9
61 4
All Water.
2 3° 4
28 -0
...
37 *4
46-5
54 9
61-9
67 3
70 -6
71 7
70 -6
67 -3
61 -9
54 -9
35. I will not now direct attention to the numbers for the northern hemisphere,
which may not be thought to coincide better than (or, perhaps, even as well as)
might have been anticipated from the range of latitudes used in deducing the for-
mula. But the general close coincidence of the observed with the calculated tem-
peratures in the southern hemisphere offers a confirmation of a very different kind.
36. The lower temperature of the southern hemisphere up to lat. 40°, compared to
the northern, has often and justly been attributed to the diminishing amount of land,
as the higher temperature of a parallel some degrees north of the equator, than
that of the equator itself, is due to the increasing amount of continental surface,
especially in Africa. Our formula gives a precise expression to these generalities.
And the fidelity of the formula (at least for the lower latitudes) is proved by the
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accuracy with which it applies to more than one-half of the surface of the southern
hemisphere. Indeed, the distinction between an Empirical and a Rational for-
mula,—one founded on the mere law of continuity, and one on a rational basis,—
is well illustrated by applying to this case the purely mathematical law (18),
which for the northern hemisphere alone represents the observations there even
better than our physical theory as yet does, but which yet egregiously fails when
extended to southern latitudes, as the following table shows:—
TABLE IV.
Lat. SOUTH.
10°
20
30
40
Temperature by
Empirical Law of par. 18.
74°-3
64 7
52-2
38-3
Difference from
Dove's Table.
- 3°-7
- 9-4
- 1 4 - 7
- 1 6 - 3
Difference according to
Rational formula.
+ 0°-l
- 0 - 8
- 2 - 0
+ 0-9
37. With this strong testimony to the reasonableness of our fundamental as-
sumptions as to the influence of land, we may, by using the observed temperatures
of corresponding parallels in the two hemispheres, obtain an expression for the in-
fluence of land in each of those parallels, disengaged from any assumptions as to
the effect of latitude in modifying the gradation of temperature on a globe whether
composed of land or of water, such as we made in paragraphs (26) and (28) of
§ 3. This is to be accomplished in the following way :—
38. By our fundamental assumptions of § 3. we attribute to the land and the
water of any parallel an influence on the temperature in proportion to their respec-
tive extent on that parallel. Thus, for the parallel whose latitude is A, let Lx denote
the fraction of the circumference composed of land, Wx the remainder which is
covered by ocean ; by ly and w the temperatures to be found for that parallel on
a globe all land and a globe all water respectively ; and by Tx the observed tem-
perature on the given parallel, we have, by hypothesis,
and as the temperatures will be the same in the same north and south latitudes on
a homogeneous sphere of either kind, we may eliminate the unknown quantities n\
and lx between two equations of the above form, furnished by the observed values
of Tx on the corresponding parallels of the two hemispheres. Using the tempera-
tures of the parallels slightly modified from those of M. DOVE in Table L, by draw-
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ing an " equalizing curve" amongst them (as in Plate II.), we obtain the follow-
ing equations of condition:—#
Northern Hemisphere.
80-0= -748 -252 x
77*3 = -682 x w20 + -318 x
69-5 = -605 x
10
-395 x/,04
Southern Hemisphere.
73-8 =-795 xw2 0
66-7 = -840x1^0
55'1 = -915 xw/40
-205 xZ
-160 20
39. By elimination we obtain the following results for either hemisphere :—
TABLE V.
Latitude.
20
30
40
Temperature all Water
69°«6
67*4
64-8
54-8
Temperature all Land
110-7
98 -6
76-7
58 -9
Excess due to Land.
41--1
31 2
11 -9
4 1
•rves of Land and Water Temperature deduced from a comparison of the Two Hemispheres,
-10
lioFalvr.
Scale of Tcinp<:r<ititr<\
40. The numbers in this taljle being projected (as in the figure) for each hemi-
sphere, we obtain two well-defined curves representing the temperatures of a land
* I employ the " equalized " mean values of Land and Water on three adjacent parallels as in
>otnote to par. 32, where these numbers (for the proportion ulLand) are'designated as L' °the foot t jignated as L'. But
it is worthy of notice that the simple numbers given in Tables I. and II., both for temperature and
amount of land, would lead to nearly the same results.
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and water sphere up to latitude 40°. The temperature of the equator is obtained by
completing the part of the two curves near the vertex. We thus obtain
Latitude. All Wafer. All Land. Diff.
0° 71°'8 115 3 43°-5
These numbers, it will be observed, approximate closely to those obtained by a
very different process for the temperature of the equator in par. 33, especially as
regards a sphere of water.
41. The value of the constant C of par. 31, which defines the maximum effect
of the presence of land on the temperature of any part of the globe, is by this
latter determination somewhat larger than by our formula of (33). Its value just
found is 43°*5, while by the approximate formula it is 38°*1—a difference which, in
a research of this kind, must be regarded as not very material. The greater value
seems to be most to be depended on.
42. Some indirect considerations still farther confirm the result that this quan-
tity C, the maximum effect of land on the temperature of the equator, can neither
greatly exceed nor greatly fall short of 40°. Thus, assuming the formula of
(33), if we project M. DOVE'S temperatures in a curve in terms of the latitude
(as in Plate II.), and set off from them the effect due to the presence of land, as
indicated by the term of the formula C . 1/ cos 2 \ we leave a curve of terrestrial
temperature on a water sphere. Now, if we give to C a value much greitUr than
40°, it will be found that this residual curve becomes sinuous and irregular,
having three points of contrary flexure instead of one or none at all. This
complication is little probable under circumstances of remarkable physical sim-
plicity. Again, if the influence of land were much Jess than that indicated by the
value of C = 40°, this would be inconsistent with the existing " Thermic Anomaly"
in the higher latitudes (as, for instance, in Siberia), where we can hardly suppose a
greater cold to reign under existing circumstances than would be the case were
the earth entirely composed of land.
43. But one of the most striking confirmations which the argument of (38) affords
of the accuracy of our first assumptions in § 3, is with respect to the latitude
at which the " Thermic Anomaly" vanishes altogether, or the distribution of land
and water ceases to affect the mean temperature of the parallel. We had already
(30) deduced from the inspection of the curves on M. DOVE'S maps of the
northern hemisphere, and from them alone, that this critical latitude is between
40° and 45°. The intersection of the curves of land and water temperature in
the figure on the last page, deduced almost solely from intertropical tempera-
tures in both hemispheres, point closely to the parallel of 42 i°, as that where
the two curves intersect, or where the third term of our formula (par. 33) ought
to change its sign.* Hence the predominance of water in the southern over the
* It will be recollected that the change of sign was made to coincide with 45°, merely for the
purpose of simplifying the formula. (See par. 31.)
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northern hemisphere, as it certainly renders the climate colder up to latitude
42£°, ought beyond that parallel to have a contrary effect, such as the rapidly
diminishing numbers in the last column of Table V. also indicate.*
Conclusions.
44. Although it might be possible to alter the table of comparisons between
theory and observation (Table III., par. 34), by a slight modification of the for-
mula of (33), so as to appear more favourable to our hypothesis, I will not here
attempt to do so. I shall be satisfied if I have indicated a method of taking
account of the physical features of the globe in relation to climate, in such a
manner as more accurate and extended data will enable future writers to render
still more exact.
45. Indeed, the trials which I have made to modify the form, or the constants
in the formula of temperature, have satisfied me that it cannot at present be mate-
rially improved ; since what is gained in accuracy in some one point of view is
lost in another.
46. The anomalies still indicated in the fourth column of Table III. must
therefore for the present remain. Only, it may be remarked, that some of them
may disappear by a more correct estimate of the mean temperature of the paral-
lels. In particular, I cannot but think that the temperature corresponding to 60°
N. latitude will be found to be too high. It is quite impossible to express, by
any ordinary continuous law, the gradation given in M. DOVE'S table for the
neighbourhood of the 60th parallel, taken in connection with higher and lower
latitudes. Nor is there any peculiarity in the distribution of land and water which
seems likely to account for this, unless it be the sudden closure of the Pacific-
Ocean a little beyond that latitude, where the Asiatic and American continents so
nearly touch. The apparent anomaly may indeed be entirely owing to a defi-
ciency in our information as to the temperature of the atmosphere over the
oceanic portions of the globe, which in those latitudes is peculiarly liable to be
affected by powerful currents of hot and cold water, as has been already stated.
47. To the presence of these currents must also be ascribed the fact, that
the " Thermic Anomaly" does not anywhere vanish (as it is assumed to do some-
where near the 45th degree), and that, consequently, about the parallels of 40°
and 50°, we find in a few places of the globe mean temperatures higher or lower
than those indicated in the two last columns of Table III., as corresponding to the
extreme statical conditions of an entire predominance of land or water. In
higher or lower latitudes the " Thermic Anomaly" will be found to be between
the limits indicated by those two columns, the oceanic limit being, however,
* " Up to 40° south latitude the temperature of the southern hemisphere is lower than that of the
northern ; this may not be the case in higher latitudes." DOVE,— The Distribution of Heat, &c., p. 15.
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always the predominating one, as, from the mobility of its parts, might be anti-
cipated.
48. 1 shall not, I hope, be thought to push the application of the formula too
far, if I suggest an explanation of the excess of 2"<s Fahr., which it gives for the
parallel of 75° as in Table III. I might urge that our knowledge of the isother-
mal lines in that extreme latitude is so limited, as to leave a wide margin of
uncertainty in the determination of the mean temperature. This is no doubt
quite true. But I attribute to another and a manifest physical cause this ap-
parent anomaly. The amount of the third term of our Formula (par. 33), de-
pends on the measure of the land, and it is of course here subtractive. But in
the 75th parallel, though I have estimated the amount of land on the parallel at
only 28*6 per cent, of the entire circumference (see Table II., and Plate III..
tig. 1), or a diminution of no less than 20 per cent, from lat. 70°, we know how
far this is from representing truthfully or practically the physical condition of
those Arctic wastes. For all the year, except a very few weeks, it is not too
much to say, that three-fourths of the ocean of lat. 75° is encased in solid ice,
having the same physical characters superficially (and therefore affecting the
climate) in the same manner as the adjacent snow-clad land. We must there-
fore practically regard the land as forming far more than its due share of the
earth's surface in those regions, since the water has lost its convective and
equalizing qualities in relation to temperature. Now, we shall find that if we
increase the coefficient of the third or land term of the formula from 0*29 to 0*38
(which seems a very moderate expression of the conditions referred to), the
excess of calculation in Table III. for lat. 75° wholly disappears* I believe,
indeed, that it ought to be still farther corrected in the same direction, which
would justify us in giving to the pole of a water sphere a temperature slightly
higher than + 12.°5, and thus diminishing the negative errors of the formula
'i-::y.s for lat. 60°-65°, while in lat. 70° the balance would be restored by the sensible
, a J4 effect of the frozen sea. With these suggestions, however, I leave my formula as
it at present stands to await farther researches.
* Among other tests to which I have put my hypothesis, I have calculated what ought to bo
the magnitude of the coefficient L' in the third term of the formula, so that it might in each
parallel represent the numbers of DOVE (Table I.), supposing the other constants of the formula to
be exact.
PlTLOCHKY, September 185S.
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Postscript.
I have great pleasure in here acknowledging the active assistance which I have
derived from Mr BALFOUR STEWART'S great aptitude for calculation in the numer-
ous and irksome eliminations which my inquiries rendered necessary, and of
which only a portion are recorded in this paper.
As an appendix to this memoir I add an Index, which I have constructed with
no small personal labour, and with every attention to accuracy, of the numerous
stations from whence M. DOVE has collected the monthly means of thermometri-
cal observations, often for a long series of years. These are contained in his well-
known "Five Memoirs on Terrestrial Temperature" in the Berlin Transactions.
INDEX TO M. DOVE'S FIVE MEMOIRS.
Index to Places mentioned in 31. Dove's Five Mvwoivx "• On the Non-Periodic
Variations of Teniperature on the Earth's y.nrfaw"
The Roman Numerals refer to the Number of the Memoir, the Arabic Numerals to the pages of
the "Berlin Transactions" where the Temperatures are to be found.
N.B.—The Fifth Memoir was published apart under the title of " Wittorungs-treschiebte des
letzten Jahrzehnts, 18 10-50."
ABBREVIATIONS.
N. A. stands for North America.
Afr. ,, „ Africa.
E. I. ,, ,, East Indies.
S. A. stands for South America.
Austr. ,, ,, Australia.
W. I. „ „ West Indies.
The mark * is 'prefixed to some of the Stations remarkable for the cnntinuit// of the Ohser cations.
TABLE OF REFEEENCE-LISTS OF
i. 8.
ii. 332, |
ii. 358.
ii. 361.
ii. 362.
ii. 372.
ii. 381.
iii. 7.
iii. 97.
iv. 27.
iv. 104.
iv. 116.
iv. 122.
iv. 130.
iv. 135.
iv. 146.
iv. 152.
iv. 156.
Miscellaneous.
N. America.
Do. Arctic.
Bohemia.
Wiirternburg.
Great Britain.
Germany.
Miscellaneous (Europe).
Miscellaneous, Europe and America.
Europe.
E. Indies, China,
8. America, Africa.
Australia.
N. America.
Britain.
Germany, France.
Russia, Norway, &c.
Mediterranean, &c.
STATIONS IN M. DOVE'S FIVE MEMOIRS.
v. 7.
v. 8, 9,
v. 53, r>
v. 5r>,rj
v. 59.
v. 79.
v. 9C.
v. 130.
v. 13 7.
v. 138.
v. 142.
v. 159.
v. KJO,
103.
v. 167-
v. 170.
v. 240.
v. 245.
[Synonymes of American Stations.]
j- N. America.
5. Arctic N. America.
7. YT. Indies, S. Anieriea.
Russia.
Germ any, &c.
Prussia, Germany.
France.
Belgium.
Switzerland.
Italy.
Britain.
>• Jiiasi JLiKiies.
3. Mediterranean, Africa.
Polynesia.
Miscellaneous.
Russia.
Aachen, v. 90.
Abbey St Bathans, ii. 374.
Aberdeen, ii. 374.
Abo, iv. 8.
Ackworth, iii. 9.
Adelaide (Austr.), iv. 120.
Aden, v. 164.
Agra (E. I.), v. 160.
Aitath(As. Min.?)iv. 157.
Aix-la-Chapelle, v. 99.
Ajansk, v. 62.
Akayab (E. I.), v. 160.
Albany (N. A.), ii. 336, iii. 70,
iv. 86, v. 30.
INDEX
Albany (Austr.), iv. 120.
Albion (N. A.), v. 43.
Albion Mines (N. A.), v. 54.
Alderley Rectory, ii. 378.
Aleppo, v. ll'.S.
Alexandria, v. 169.
Alexandropol, v. b'2.
Alford, ii. 374, iii. 83.
Al-ier(Afr.), iv. 155.
Allahabad (J']. I.), v. 160.
Alleghany (N. A.), v. 38.
Alleghany Ars. (N. A.), v. 12.
Allstedt (or Altstedt), iv. 136,
93.
Almora (E. I.), v. 160.
Alor Gajah (E. I.), iv. 96.
Alost, iii. 85.
Altenbenr, ii. 383.
Altona, ii. 383.
Ambala (E. J.), iv. 96.
Amlterg, ii. 3S3.
Amenia (N. A.), v. 31.
Aniherst (N. A.), iv. 123.
Arnlishagen, iii. 182, iv. 04, v. 90.
Amsterdam, iv. 8.
Anahuac (N. A.), v. 43.
Anatomical (?) Garden* (Perth-
shire), iv. l.°»l.
* I have been unable to verify the reference to " London's Magazine of Natural History'' for this entry.
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Ancaster, iii. 10.
Andover, iii. 10.
Angarakandy (E. I.), iv. 96.
Ankober (Afr.), v. 169.
Ansbach, v. 112.
Antigua, iv. 107.
Antisana (S. A.), v. 57.
Aosta, v. 142.
Apenrade, ii. 383.
Applegarth Manse, i. 39, iii. 68,
iv. 131, v. 144.
Apalich, v. 62.
Archangel, iii. 10, iii. 11, iv. 9.
Arensberg, v. 112.
Arnhem, iii. 10.
*Arnsberg, v. 241.
Arnstadt, v. 112.
Arolsen, ii. 383.
Arys, v. 99.
Aschersleben, v. 113.
Ascension, iv. 107.
Aschaffenburg, ii. 384, iii. 83.
Ashfield, iv. 131.
Assistance Bay (N. A.), v. 54.
Astrachan, iii. 85, iv. 148, v. 245.
Atleboro' (N. A.), v. 44.
Athens, v. 168.
Auburn (N. A.), ii. 336, iii. 71,
iv. 86, v. 31.
Auckland (Austr.), iv. 120.
Augsburg, i. 16.
Augusta (N. A.), ii. 350-3, iii.
77, iv. 123, v. 13.
Ava (E. I.), iv. 96.
Axiask, v. 248.
Aylesbury, v. 145.
Azimghur (E. I.), v. 160.
Badulla (E. I.), iv. 96.
Baireuth, i. 16.
Baitool (E. I.), v. 160.
Baku, v. 62.
Balasore (E. I.), v. 160.
Balize (Honduras), iv. 108.
Ballenstedt, v. 902.
Baltimore, iii. 85.
Baltishport, v. 246.
Bancoora (E. I.), iv. 97, v. 160.
Banda (E. I.), v. K'.O.
Bangalore (E. I.), iv. 97.
Bangkok (E. I.), v. 164.
Barbadoes, iv. 108.
Barcelona, iv. 154.
Bareilly (E. I.), iv. 97, v. 160.
Barnaul, iii. 80, iv. 148, v. 62,
v. 247-8.
Barrackpore (E. I.), v. 160.
Basel (Basle), i. 17, iii. 64, iv. 136,
v. 139.
Basseterre, (G-uadaloupc) ("W. I.),
v. 56.
Bastogne, v. 137.
Batavia (E. I.), iv. 97, v. 164.
Bath, iii. 12.
Baton Eouge (N. A.), ii. 353, v. 13.
Bauliah (E. I.), v. 160.
Beaver (N. A.), v. 38.
Beawur (E. I.), v. 160.
Beckington, v. 145.
Bedford (Eng.), i. 16, v. 145.
Bedford (N. A.), v. 38.
Beerbhoon (E. I.), v. 160.
Beirut, iv. 156, iv. 157.
Beiersberg, iv. 136.
Belfast, iv. 132.
Bellefonte (N. A.), v. 38.
Bellona Ars. (N. A.), v. 13.
Beloit College (N. A.), v. 44.
Benares (E. I.), iv. 97, v. 160.
Benedictbaiern, iv. 136.
Bensberg, v. 114.
Bergen, iii. 86.
•Berlin, i. 17, iii. 64, iv. 136,
v. 100.
Bermudas, iv. 108.
Bern, ii. 384, v. 139.
Bevers, v. 140.
Bhaugulpore (E. I.), v. 160.
Biberach, ii. 368.
Biddefort (N. A.), v. 44.
Bijapoor (E. I.), v. 164.
Bijnore (E. I.), v. 160.
Bissingen, iii. 82, iv. 94, v. 90.
Bistritz (New), i. 21.
Bloomington (N. A.), iii. 86, iv.
123, v. 44.
Bloomingdale (N. A.), v. 44.
Bochum, v. 114.
Bodenbach, iv. 137, ii. 384, v. 80.
Bogenhausen, iii. 13, v. 115.
Bogra(E. I.), v. 100.
Boguslowsk, iii, 86, v. 247-8, iv.
149, v. 63.
Bologna, iii. 13, v. 243.
Bolton, iv. 132.
Bombay (E. I.), iv. 97, v. 164.
Bona (Afr.), iv. 155.
Bonally Reservoir, ii. 374.
Bonn, v. 100, v. 242.
Boothia Felix (N. A.), ii. 359.
Boppard, v. 101.
Bordeaux, v. 131.
Boston (Eng.)., i. 21, iii. 64, iv.
i::>»2, v. 145.
Boston (N. A.), i. 21, iii. 65.
Boulogne, iv. 137.
Bourg, v. 131.
Braunsborg, ii. 385.
Braunschweig, iv. 137.
Breda, iv. 137, v. 248.
Bremen, ii. 385, iii. 8-3.
Brery (E. I.), iv. 07.
Brescia, i. 115, iii. 65, iv. 153.
Breslau, ii. 385, iii. So, iv. 138
v. 101. '
Brest Litewski, v. 248.
Bridgewater (N. A.), ii. 336.
Brisbane (Austr.), v. 171.
Bristol, iv. 132.
Brocken, iv. 138, v. 102,
Bromberg, v. 102.
Brotterode, v. 115,
Brown University (N. A.), ii. 351,
iii. 76.
Briinn, iv. 138.
Brussa (As. Min.), iv. 157.
Brussels, iii. 85, iv. 138, v. 137.
Brzezina, ii. 368.
Brzeznitz, ii. 362.
Buchara, iv. 149.
Budaon (E. I.), v. 160.
Budweis, ii. 363, v. 80.
Buffalo (N. A.), ii. 336.
Buffalo Barracks (N. A.), v. 14.
Buenos Ayres (S. A.), v. 58.
Buitenzorg (E. I.), iv. 97, v.
165.
Bukarest, iv. 138.
Burdwan (E. I.), v. 160.
Burg, v. 115.
Burglengenfeld, v. 116.
Burlington (N. A.), ii. 351, iv.
123, v. 44.
Burysaul (E. I.), v. 160.
Bushey Heath, ii. 375.
Butler (N. A.), v. 38.
Cachar (E. I.), v. 160.
Cadix, iv. 154.
Cagliari, iv. 153.
Caineville (E. I.), iv. 98.
Calcutta (E. I.), iv. 98, v. 160,
v. 105.
Callao (S. A.), iv. 108.
Calu, iv. 95, v. 02.
Carnbray, v. 131.
Cambridge (N. A.), i. 22, iv. 123,
v. 45.
Cambridge, Washington (N. A )
ii. 337, iii. 71.
Camden, iii. 87.
Camp Ripley (N. A.), ii. 357.
Canajohari (N. A.), ii. 337.
Canandaigua (N. A.), ii. 337.
Canton Clinch (N. A.), ii 354
iii. 78, v. 14.
Canton Jesup (N. A.), ii. ;-J55 iii
78, v. 19.
Canstadt, iv. 0;"), v. 92.
Canton, iv. 98.
Cape Coast (Afr.), iv. 108.
Capstadt (Afr.), iv. 109, v. 160.
Cape Town (Afr.), iv. 109, v. 100.
Caracas (S. A.), iv. 108, v. 58.
Cardington, v. 145.
Carlisle, i. 23.
Carlisle Barracks (N. A.) v 15
Carlo, iv. 9.
Carlsruhe, i. 23, iii. 05.
Carlton House (N. A.), v. 54
Carl.eth, ii. 375.
Catania, v. 142.
Catnerinenbercr, iii. 87 iv 149
v. 63, v. 'J47-8.
Catherinoskr, v. 63.
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Cawnpore (E. I.), iv. 98, v. 160.
Cayuga (N. A.), ii. 337, iii. 71,
iv. 87, v. 31.
Cedar Keys (N. A.), v. 15.
*Chalons (sur Marne), v. 131.
Chambery, iv. 153.
Chapel Hill (N. A.), ii. 353, v.
45.
Chemnitz, iv. 138.
Cherbourg, v. 132.
Charlestown (N. A.), iii. 87, iv.
124.
Charlotteville, iii. 87.
Cherraponjee (E. I.), v. 160.
Cherry Valley (N. A.), ii. 338,
iii. 71, iv. 87.
Cherson, iii. 87.
Chichester, v. 145.
Chillicothie (N. A.), ii. 353.
Chiswick, iii. 14, v. 146.
Chittagong (E. I.), v. 160.
Chira, v. 64.
Christiania, iii. 88, iv. 149, v. 64.
Christiansborg, iv. 10.
Chunar (E. I.), iv. 99.
Chusan, iv. 99.
Cincinnati (N. A.), ii. 353, iv. 10,
v. 45.
Cleve, v. 102.
Clinton (N. A.), ii. 338, iv. 87.
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